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INTRODUCTION
Modern high-speed p r o p e l l e r (advanced t u r b o p r o p ) a i r c r a f t a r e expected t o o p e r a t e on 50 t o 60 p e r c e n t l e s s f u e l t h a n t h e 1980 v i n t a g e t u r b o f a n f l e e t w h i l e a t t h e same t i m e m a t c h i n g t h e f l i g h t speed and performance o f t h o s e t u rb o f a n engines ( r e f . 1 ) . C o u n t e r r o t a t i o n p r o p e l l e r s may o f f e r from 8 t o 10 p e rc e n t o f a d d i t i o n a l f u e l savings o v e r s i m i l a r s i n g l e -r o t a t i o n p r o p e l l e r s a t c r u i s e c o n d i t i o n s . There i s c o n s i d e r a b l e concern, however, about t h e potent i a l n o i s e g e n e r a t e d by such a i r c r a f t , i n c l u d i n g b o t h i n -f l i g h t c a b i n n o i s e and community n o i s e d u r i n g t a k e o f f s and l a n d i n g s . Enroute n o i s e has o n l y r e c e n t l y been r a i s e d as a p o t e n t i a l concern. The d a t a i n t h i s r e p o r t p r o v i d e a measure o f source l e v e l s from which e n r o u t e p r o j e c t i o n s can be made.
T h i s r e p o r t p r e s e n t s t h e a c o u s t i c t e s t r e s u l t s f o r a f u l l -s c a l e c o u n t e rr o t a t i o n t u r b o p r o p demonstrator e n g i n e i n s t a l l e d on a Boeing 727 a i r c r a f t i n p l a c e o f t h e r i g h t -s i d e t u r b
o f a n engine ( r e f . 2) as shown i n f i g u r e 1 . S e l e c t e d r e s u l t s from t h i s s t u d y were a l s o p r e s e n t e d i n r e f e r e n c e 3. S i d e l i n e a c o u s t i c d a t a were a c q u i r e d from a L e a r j e t chase p l a n e t h a t was i n s t r u m e n t e d w i t h flush-mounted nose and w i n g t i p microphones. 47.2-m ( 1 5 5 -f t ) s i d e l i n e a t s e v e r a l e n g i n e o p e r a t i n g c o n d i t i o n s a t 0.50 and 0.72 Mach numbers. S e l e c t e d d a t a a r e a l s o compared w i t h r e s u l t s from t h e t e s t t h a t was r u n i n t h e NASA 8-by 6-Foot Wind Tunnel w i t h a s c a l e model o f t h e c o u n t e r r o t a t i o n p r o p e l l e r .
Data a r e p r e s e n t e d for a
I APPARATUS AND PROCEDURE T h i s f l i g h t t e s t was p a r t o f t h e General E l e c t r i c Company's program t o develop t h e i r unducted f a n (UDF) c o u n t e r r o t a t i o n t u r b o p r o p engine. The p r o p e ll e r has e i g h t f o r w a r d and e i g h t a f t b l a d e s .
3.57 m (11.7 f t ) , w h i l e t h e a f t p r o p e l l e r d i a m e t e r was reduced by 10 cm ( 4 i n . ) from t h i s v a l u e f o r aeromechanical c o n s i d e r a t i o n s .
The f o r w a r d p r o p e l l e r d i a m e t e r i s
Tab1 e t h i s r e p o r t a t a nomina angles were between t h e t h e c l e a n c (21 4 0 0 -f t ) p r e s e n t s t h e f l i g h t t e s t c o n d i t i o n s f o r t h e t e s t s d i s c u s s e d i n One t e s t , d e s i g n a t e d f l i g h t c o n d i t i o n 3.1, was f l o w n a t a 6523-m a l t i t u d e and 0.50 Mach, and t h e r e m a i n i n g f o u r t e s t s were performed 10 688-111 ( 3 5 0 0 0 -f t ) a l t i t u d e and 0.72 Mach. The p r o p e l l e r b l a d e a u t o m a t i c a l l y c o n t r o l l e d i n o r d e r t o a c h i e v e an equal t o r q u e s p l i t two p r o p e l l e r s . These p r o p e l l e r b l a d e a n g l e s were n e a r l y equal f o r n f i g u r a t i o n wind t u n n e l t e s t s and were a l s o a d j u s t e d f o r an equal t o r q u e s p l i t . However, t h e r e was a c o n s i d e r a b l e d l t t e r e n c e between t h e t o r e 2 n d a f t h l a r l n a n n l n c Rta n d R A f n r t h o i n c t a l l~d pnflino T h i c d i f f o r p n r a i n blade-setting-angles'may be due t o p o s s i b l e asymmetrical i n f l o w t o t h e UDF engine i n s t a l l e d on t h e 727 a i r c r a f t .
t o t a l power d e n s i t y , PQAT, which i s t h e power c o e f f i c i e n t based o n t h e annulus a r e a o f t h e f o r w a r d r o t o r . PQAT i s d e f i n e d as
Both t h e model and f u l l -s c a l e p r o p e l l e r power s e t t i n g s a r e expressed as T o t a l power ( p > ( r e v l s e c > ( D ) ( a n n u l u s a r e a ) 3 3 where p i s t h e l o c a l a i r d e n s i t y and D i s t h e f o r w a r d rotor d i a m e t e r . R e ference 4 p r e s e n t s aerodynamic r e s u l t s f o r t h e model p r o p e l l e r .
A c o u s t i c d a t a were a c q u i r e d w i t h t h e NASA Lewis L e a r j e t . F i g u r e 2 i s a photograph o f t h e 727 a i r c r a f t i n f l i g h t t a k e n from t h e L e a r j e t . The L e a r j e t was i n s t r u m e n t e d w i t h two nose and two w i n g t i p microphones f l u s h mounted on t h e l e f t s i d e o f t h e a i r c r a f t . A c o u s t i c and o p t i c a l i n s t r u m e n t a t i o n d e s c r i b e d i n r e f e r e n c e 5 were a l s o employed i n t h e t e s t s . The a c o u s t i c s i g n a l s were monit o r e d f o r d a t a q u a l i t y and r e c o r d e d o n magnetic t a p e aboard t h e a i r c r a f t f o r l a t e r a n a l y s i s . The a c o u s t i c s p e c t r a o f t h e L e a r j e t engine n o i s e were s u f f ic i e n t l y d i f f e r e n t from t h o s e o f t h e p r o p e l l e r t o p r e v e n t s i g n i f i c a n t d a t a cont a m i n a t i o n . However, boundary-layer n o i s e on t h e microphones g e n e r a t e d an e s s e n t i a l l y f l a t broadband l e v e l of a b o u t 95 dB f o r a 3-Hz bandwidth o v e r a 0-t o 1200-Hz f r e q u e n c y r a n g e . F i g u r e s 3 t o 5 a r e photographs of t h e L e a r j e t microphone i n s t a l l a t i o n s . F i g u r e 3 shows t h e w i n g t i p r e g i o n o f t h e L e a r j e t ; f i g u r e 4 shows t h e l o c a t i o n of t h e nose microphone. F i g u r e 5 i s a close v i e w o f t h e microphone mounting p l a t e on t h e L e a r j e t w i n g t i p . Data p r e s e n t e d i n t h i s paper a r e t a k e n p r i m a r i l y a t t h e w i n g t i p microphone l o c a t i o n . D i r e c t i v i t y r e s u l t s f o r t h e nose m i c r ophone were o f t e n i n c o n s i s t e n t w i t h b o t h t h e wingtip-measured d i r e c t i v i t i e s and w i t h p r e v i o u s l y measured d i r e c t i v i t i e s f o r s i m i l a r model t u r b o p r o p s t e s t e d a c o u s t i c a l l y i n a wind t u n n e l environment. 
The measured d a t a were a d j u s t e d f o r s p h e r i c a l s p r e a d i n g t o a nominal s i d e l i n e d i s t a n c e o f 47.2 m (155 f t ) between t h e UDF engine a x i s and t h e L e a r j e t wingt i p . Most o f t h e d a t a p o i n t s were a c t u a l l y t a k e n c l o s e t o t h i s s i d e l i n e separa t i on.
Because o f c o n v e c t i v e flow e f f e c t s , t h e d a t a a n g l e s p r e s e n t e d i n t h i s paper a r e f o r "observed" angles t o t h e t u r b o p r o p r a t h e r t h a n b e i n g c o r r e c t e d t o "emission" a n g l e s . F i g u r e 7 shows t h e r e l a t i o n s h i p between t h e observed and e m i s s i o n a n g l e s . These d i f f e r e n c e s can be s i g n i f i c a n t .
For example, t h e observed angles o f 60°, 90°, and 120" a t 0.72 Mach correspond, r e s p e c t i v e l y , t o e m i s s i o n angles o f 21°, 44O, and 81". A t 0.50 Mach, t h e s e observed a n g l e s correspond t o e m i s s i o n a n g l e s of 34O, 60°, and 94".
Microphone s i d e l i n e l o c a t i o n s were determined by v i s u a l and p h o t o g r a p h i c methods. A camera system mounted i n t h e L e a r j e t c a b i n was aimed a t a t a r g e t l o c a t i o n on t h e 727 a i r c r a f t .
The s i d e l i n e a n g l e was d e t e r m i n e d from a p r ot r a c t o r d e v i c e a t t a c h e d t o t h e camera mount. The s i d e l i n e d i s t a n c e was d e t e rmined by image-size s c a l i n g of t h e i n -f l i g h t photographs r e l a t i v e t o s i m i l a r photographs t a k e n d u r i n g s
t a t i c ground c a l i b r a t i o n s when t h e two a i r c r a f t were parked i n t h e d e s i r e d r e l a t i v e p o s i t i o n s . The L e a r j e t p i l o t s used a s i m p l e o p t i c a l comparator t o e s t a b l i s h r o u g h l y t h e s i d e l i n e d i s t a n c e d u r i n g f l i g h t . The a c q u i r e d a c o u s t i c d a t a w e r e t h e n a d j u s t e d f o r s p h e r i c a l d i v e r g e n c e t o a t r u e 47.2-111 ( 1 5 5 -f t ) s i d e l i n e , which was t h e average s e p a r a t i o n d i s t a n c e . Table I1 p r e s e n t s t h e d a t a a c q u i s i t i o n p o s i t i o n s f o r t h e f i v e f l i g h t c o n d it i o n s , and shows t h e d e c i b e l c o r r e c t i o n s t h a t were a p p l i e d t o t h e a c o u s t i c d a t a f o r c o r r e c t i o n t o t h e 47.2-111 s i d e l i n e . Table I11 l i s t s t h e t u r b o p r o p tone l e v e l s f o r each o f t h e d a t a p o s i t i o n s .

RESULTS AND DISCUSSION
Sound P r e s s u r e Level S p e c t r a
The sound p r e s s u r e l e v e l (SPL) s p e c t r a f o r a c o u n t e r r o t a t i o n p r o p e l l e r a r e c o n s i d e r a b l y more complex t h a n t h o s e f o r a s i n g l e -r o t a t i o n p r o p e l l e r . The rotor-alone tones are present at each tone order ( B P F , 2BPF. etc.). In addit i o n , t h e h i g h e r -o r d e r tones (2BPF and above) c o n t a i n r o t o r i n t e r a c t i o n t o n e s . F i g u r e 8 shows t y p i c a l SPL s p e c t r a f o r t h e c o u n t e r r o t a t i o n p r o p e l l e r o p e r a t i n g a t equal f o r e and a f t r o t a t i o n a l speed. S i n c e b o t h rotors c o n t a i n e i g h t b l a d e s , t h e e n t i r e t o n e energy i s c o n c e n t r a t e d i n s i n g l e s p i k e s a t m u l t i p l e s of t h e blade-passage f r e q u e n c y .
Most o f t h e d a t a were t a k e n w i t h a small d i f f e r e n c e i n t h e two r o t o r s ' r o t a t i o n a l speed (see t a b l e I ) . F i g u r e 9 shows t y p i c a l SPL s p e c t r a f o r t h i s o p e r a t i n g c o n d i t i o n . The 1-Hz bandwidth a l l o w e d f o r a s e p a r a t i o n of t h e fore and a f t r o t o r -a l o n e t o n e s . Also, t h e first i n t e r a c t i o n t o n e , BPFF+BPFA, i s seen a t 2BPF. S h a f t -o r d e r tones a r e seen below t h e blade-passage frequency. One of t h e L e a r j e t engine compressor tones appears j u s t above 2BPF.
The SPL d i r e c t i v i t y r e s u l t s i n t h i s r e p o r t were t a k e n from s p e c t r a w i t h 16-and 1-Hz bandwidths. The c o a r s e r 16-Hz bandwidth d i d n o t s e p a r a t e t h e components o f t h e t o n e o r d e r s , even w i t h t h e small rpm d i f f e r e n c e . The 1-Hz bandw i d t h a l l o w e d f o r t o n e s e p a r a t i o n a t BPF and 2BPF w i t h a nominal 40-rpm r o t o r
o n e generat i o n mechanisms. Table I11 i s a t a b u l a t i o n o f t h e s e a c o u s t i c tone l e v e l s from t h e 16-and 1-Hz bandwidth s p e c t r a .
S i d e l i n e D i r e c t i v i t i e s
F i g u r e 10 shows t h e s i d e l i n e d i r e c t i v i t i e s f o r t h e f i r s t f o u r t o n e o r d e r s a t 0.50 Mach ( c o n d i t i o n 3 . 1 ) . Rotor-alone tones were n o t separated i n t h i s f i g u r e because o f b o t h t h e 16-Hz bandwidth and t h e e s s e n t i a l l y same f o r e and a f t r o t o r r o t a t i o n a l speed. They t y p i c a l l y show a maximum l e v e l n e a r t h e p r op e l l e r p l a n e , i n c o n t r a s t t o t h e i n t e r a c t i o n tones t h a t o f t e n have h i g h l e v e l s away from t h i s l o c a t i o n . The r o t o r -a l o n e fundamental (BPF) tones show t h e h i g h e s t l e v e l s a t a l l b u t t h e f o r w a r d 26O l o c a t i o n . The r e m a i n i n g tone o r d e r s ( 2 t o 4BPF) i n t h i s f i g u r e c o n t a i n i n t e r a c t i o n tones and do show r e l a t i v e l y h i g h l e v e l s a t t h e f o r w a r d a n g l e s . S i d e l i n e d a t a a t p o i n t s a p p r o a c h i n g 30" were d i f f i c u l t t o o b t a i n because o f awkward s i g h t i n g angles from t h e L e a r j e t and t h e d i f f i c u l t i e s o f f o r m a t i o n f l i g h t .
F i g u r e 1 1 shows a comparison o f t h e f l y b y and s t a t i o n -k e e p i n g d i r e c t i v it i e s a t 0.72 Mach ( c o n d i t i o n 5 . 1 ) .
F l y b y d a t a w e r e o n l y t a k e n a t c o n d it i o n 5.1. t h e 727 a i r c r a f t on a p a r a l l e l course. a r e a p p r o x i m a t i o n s based on a n g u l a r r e f e r e n c e p o i n t s c a l l e d out by L e a r j e t p i l o t s from hand-held s i g h t i n g s . f o r l a t e r a n a l y s i s . d u r i n g t h e f l y b y .
The f l y b y d a t a were t a k e n c o n t i n u o u s l y as t h e L e a r j e t slowly passed
The
s i d e l i n e angles f o r t h e f l y b y d a t a These p o i n t s were r e c o r d e d on t h e d a t a t a p e I t was n o t p o s s i b l e t o t a k e camera r e f e r e n c e photographs
The f l y b y d a t a were reduced a t a 3-Hz bandwidth.
F l y b y d i r e c t i v i t y t r a c e s a r e shown i n f i g u r e 1 1 for b o t h t h e w i n g t i p and nose microphones. ( t a b l e 111, 16-Hz bandwidth) a r e a l s o shown i n t h i s f i g u r e . As was p r e v i o u s l y mentioned, t h e r e was concern t h a t t h e d i r e c t i v i t i e s measured by t h e nose m i c r ophone were n o t t y p i c a l for t u r b o p r o p s . These d a t a , t h e r e f o r e , a r e s u s p e c t .
The r e s u l t s as shown f o r t h e w i n g t i p and nose microphones a r e i n f a i r l y good agreement a t s i d e l i n e a n g l e s above 70". A t l o w e r a n g l e s , however, t h e nose microphone r e s u l t s a r e s i g n i f i c a n t l y below t h o s e f o r t h e w i n g t i p microphone. The BPF t o n e f o r t h e nose microphone a t t h e 34O s t a t i o n -k e e p i n g p o s i t i o n c o u l d n o t be separated i n t h e a c o u s t i c s p e c t r a . f o r t h e nose microphone was s i g n i f i c a n t l y below t h a t f o r t h e w i n g t i p microphone a t t h i s s i d e l i n e a n g l e .
Corresponding d a t a f o r t h e s t a t i o n -k e e p i n g p o i n t s T h i s i n d i c a t e d t h a t t h e t o n
r e may be some r e f l e c t i o n s from t h e 727 a i r c r a f t and p o s s i b l y from t h e L e a r j e t s t r u c t u r e as w e l l . i t y i s expected t o show a smooth peak w i t h o u t a l l t h e secondary u n d u l a t i o n s observed i n t h e p r e s e n t f l y b y d i r e c t i v i t y . t h e a c o u s t i c s i g n a l ( a b o u t 1.7 m ( 5 . 5 f t ) a t 299-Hz BPF) would t e n d t o d i scount r e f l e c t i o n s from t h e L e a r j e t s t r u c t u r e . The l o c a t i o n o f t h e w i n g t i p microphone on t h e L e a r j e t i s more f a v o r a b l e t h a n t h a t o f t h e nose microphone because i t i s midway on a c y l i n d r i c a l s u r f a c e w i t h e s t a b l i s h e d boundary l a y e r s . Also, t h e w i n g t i p i s s h i e l d e d from r e f l e c t i o n s by a d j a c e n t L e a r j e t s t r u c t u r e and i s a l s o c l o s e r t o t h e n o i s e source. I n c o n t r a s t , t h e nose microphones a r e l o c a t e d on an a i r c r a f t s u r f a c e whose c u r v a t u r e i s changing, b u t a t a p o i n t
Because o f t h e s e concerns F i g u r e s 12 t o 16 p r e s e n t t h e s i d e l i n e d i r e c t i v i t i e s f o r t h e nominal 0.72 Mach f l i g h t t e s t s . The two r o t o r s were r u n a t about a 40-rpm speed d i ff e r e n c e , making i t p o s s i b l e t o separate t h e tone components w i t h l-Hz bandwidth s p e c t r a . ( A l t e r n a t e l y , unequal r o t o r b l a d e numbers would f a c i l i t a t e s e p a r a t i o n o f t h e tone components.) R e s u l t s a r e p r e s e n t e
d for each o f t h e f l i g h t c o n d it i o n s f o r b o t h 16-Hz bandwidth s p e c t r a w i t h no tone-order s e p a r a t i o n , and f o r l-Hz s p e c t r a t h a t a l l o w e d for s e p a r a t i o n of t h e f i r s t -and second-order t o n e components. F i g u r e 12 shows t h e s i d e l i n e d i r e c t i v i t i e s measured f o r c o n d i t i o n 5.10, which had a PQAT v a l u e o f 2.99 ( t a b l e I ) . F i g u r e 12(a> shows t h e d i r e c t i v it i e s f o r t h e first f o u r tone o r d e r s w i t h no tone component s e p a r a t i o n ( i . e . , 16-Hz bandwidth a n a l y s i s ) . The tone l e v e l s peak near 90°, w h i l e t h e f o r w a r d r o t o r BPF tone i n c r e a s e s toward t h e a f t a n g l e s . The c o r r e s p o n d i n g t r e n d f o r t h e 2BPF f o r w a r d r o t o r -a l o n e t o n e i s r e v e r s e d , w i t h t h e h i g h e s t l e v e l a t 59O. T h i s r e s u l t f o r t h e f i r s t -o r d e r r o t o r -a l o n e tones c o n t r a s t s w i t h what has been g e n e r a l l y observed f o r c o u n t e r r o t a t i o n t u r b o p r o p s . That i s , t h e f o r w a r d r o t o r -a l o n e tone u s u a l l y peaks upstream o f t h e c o r r e s p o n d i n g a f t r o t o r -a l o n e tone, w i t h s i m i l a r t r e n d s f o r h i g h e r -o r d e r r o t o r -a l o n e t o n e s .
The f i r s t i n t e r a c t i o n tone i n f i g u r e 12(b> (1-Hz bandwidth a n a l y s i s ) i s about 6 dB l o w e r t h a n t h e 2BPF a f t r o t o r -a l o n e t o n e . T h i s i s c o n s i s t e n t w i t h p u b l i s h e d model c o u n t e r r o t a t i o n t u r b o p r o p r e s u l t s showing t h a t , r e l a t i v e t o r o t o r -a l o n e tones, i n t e r a c t i o n tones a r e c o n s i d e r a b l y h i g h e r a t t a k e o f f c o n d it i o n s t h a n a t c r u i s e ( r e f s . 6 and 7 ) . F i g u r e 13 shows t h e d i r e c t i v i t i e s f o r c o n d i t i o n 5.8, which had a PQAT v a l u e o f 3 . 0 5 . The d i r e c t i v i t i e s from t h e 16-Hz bandwidth s p e c t r a ( f i g . 1 3 ( a > > a r e q u i t e s i m i l a r t o those o f c o n d i t i o n 5.10 ( f i g . 1 2 ( a > > . However, t h e rotora l o n e tone d i r e c t i v i t i e s a t b o t h BPF and 2BPF ( f i g . 13(b>> show t h a t t h e f o rward r o t o r tends t o have a peak r o t o r -a l o n e tone somewhat a f t o f t h e a f t r o t o r . These same d a t a t r e n d s a r e e v i d e n t f o r t h e c o n d i t i o n 5.9 d i r e c t i v i t i e s (PQAT = 3.14) shown i n f i g u r e 14. T h i s tendency f o r t h e a f t r o t o r -a l o n e t o n e t o peak upstream o f t h e f o r w a r d r o t o r -a l o n e t o n e f o r t h e f u l l -s c a l e e n g i n e d a t a c o n t r a s t s w i t h o t h e r p u b l i s h e d c o u n t e r r o t a t i o n p r o p e l l e r d i r e c t i v i t i e s . p r o p e l l e r r e s u l t s a t c r u i s e c o n d i t i o n s ( f o r example, see r e f . 6) have always shown t h e f o r w a r d r o t o r -a l o n e tones t o peak upstream o f t h e c o r r e s p o n d i n g a f t r o t o r -a l o n e tones. The reason f o r t h i s d i s c r e p a n c y between t h e f u l l -s c a l e and model d i r e c t i v i t i e s i s n o t known.
Model F i g u r e 15 p r e s e n t s t h e s i d e l i n e d i r e c t i v i t i e s f o r c o n d i t i o n 5.1, w h i c h had a PQAT v a l u e o f 4.24 w i t h t h e a i r c r a f t a t c r u i s e c o n d i t i o n s o f 0.72 Mach a t a 10 6 8 8 4 ( 3 5 000-ft) a l t i t u d e . The UDF engine was a t a 100-percent power s e t t i n g a t t h i s o p e r a t i n g c o n d i t i o n . The 16-Hz bandwidth ( f i g . 1 5 ( a ) > a g a i n shows t h a t t h e f i r s t -o r d e r r o t o r -a l o n e tones dominate t h e d i r e c t i v i t y . The l-Hz bandwidth d i r e c t i v i t i e s ( f i g . 1 5 ( b > > , which a l l o w e d s e p a r a t i o n o f t h e f o r e and a f t r o t o r -a l o n e tones, show b o t h o f these tones p e a k i n g near 90°.
Comparison With Wind Tunnel R e s u l t s A 62.2-cm ( 2 4 . 5 -i n . ) d i a m e t e r model o f t h e e n g i n e p r o p e l l e r was a c o u s t ic a l l y t e s t e d e a r l i e r i n t h e NASA Lewis 8-by 6-Foot Wind Tunnel ( f i g . 1 6 ) . f i g u r e 17 shows d e t a i l s o f t h e model p r o p e l l e r i n s t a l l a t i o n i n t h i s wind t u nn e l . S i d e l i n e d i r e c t i v i t y d a t a were a c q u i r e d from microphones f l u s h mounted on a f l a t p l a t e t h a t was lowered from t h e t u n n e l c e i l i n g . Data f o r a t e s t cond i t i o n t h a t approximated t h e 0.72-Mach engine c o n d i t i o n s were s e l e c t e d f o r t h i s comparison. The wind t u n n e l r e s u l t s were a d j u s t e d t o "as measured" c o n d i t i o n s e q u i v a l e n t t o t h e f l i g h t d a t a . These a d j u s t m e n t s i n c l u d e d c o r r e c t i o n s f o r p r e s s u r e a l t i t u d e , p r o p e l l e r s i z e , and d i s t a n c e ( r e f . 8 ) . The wind t u n n e l d a t a were a l s o a d j u s t e d ( f i g . 3 ) for expected n o i s e i n c r e a s e above f r e e f i e l d due t o t h e presence o f t h e L e a r j e t t i p t a n k w a l l i n which t h e microphone was mounted ( r e
n c e s i n t h e p r o p e l l e r o p e r a t i n g c o n d i t i o n s t h a t m e r i t f u r t h e r d i s c u ss i o n .
The engine r e s u l t s a r e shown f o r PQAT v a l u e s of 2.99, 3.05, 3.14, and 4.24; t h e model d a t a a r e f o r a 4.21 PQAT v a l u e . Tone l e v e l s for t h e e n g i n e o p e r a t i n g a t PQAT = 4.24 (100 p e r c e n t power) would be expected t o be somewhat h i g h e r t h a n those f o r lower e n g i n e power s e t t i n g s . However, as seen i n f i gu r e 18, t o n e l e v e l s a s s o c i a t e d w i t h f u l l -p o w e r o p e r a t i o n were a c t u a l l y l o w e r t h a n those a t l o w e r power s e t t i n g s . The reason for t h i s unexpected r e s u l t remains unknown.
mod e two
A s p r e v i o u s l y mentioned, t h e b l a d e -s e t t i n g a n g l e s o f t h e f u l l -s c a l e and ' 1 p r o p e l l e r s were a d j u s t e d for a p p r o x i m a t e l y equal t o r q u e s p l i t between t h e b l a d e rows. The equal t o r q u e c o n d i t i o n f o r t h e model p r o p e l l e r corresponds t o b l a d e p i t c h a n g l e s o f 58.5O and 55.7O, which have a s m a l l e r d i f f e r e n c e between t h e f o r e and a f t rotor t h a n d i d t h e f l i g h t a n g l e s (see t a b l e I ) . T h i s d i f f e r e n c e i n b l a d e -s e t t i n g a n g l e s i n t h e i n s t a l l e d p r o p e l r e s u l t o f i n s t a l l a t i o n e f f e c t s o n t h e e n g i n e p r o p e l l e r i n f a s i g n i f i c a n t l y n o n a x i a l i n f l o w near t h e -a i r c r a f t f u s e l a CONCLUDING REMARKS S i d e l i n e a c o u s t i c d a t a were o b t a i n e d a t c r u i s e f l i g h t e r may be t h e ow. I n p a r t i c u l a r , and t h e presence o f b l a d e row and c o r r e -T h i s m i g h t account ng a n g l e s . R e f e ri n s t a l l a t i o n e f f e c t s c o n d i t i o n s f o r a f u l l -s c a l e c o u n t e r r o t a t i o n p r o p e l l e r engine t h a t was i n i t a l l e d on a Boeing 727 a i r c r a f t . These d a t a were o b t a i n e d w i t h t h e a c o u s t i c a l l y i n s t r u m e n t e d NASA Lewis L e a r j e t , which was f l o w n i n f o r m a t i o n a l o n g a s i d e l i n e r e l a t i v e t o t h e c o u n t e r r o t a t i o n engine on t h e 727 a i r c r a f t . A u n i q u e s e t o f c r u i s e c o n d i t i o n , s i d e l i n e n o i s e d a t a were o b t a i n e d . The shape o f t h e s i d e l i n e d i r e c t i v i t i e s suggests t h a t a c o u s t i c r e f l e c t i o n s , p a r t i c u l a r l y from t h e 727 a i r c r a f t , may be affecting the data. engine, which had a significant difference in the fore and aft blade-setting angles. These angles, which are adjusted for an equal torque split between the two blade rows, were about equal in uninstalled model propeller tests at cruise conditions. The full-scale engine fundamental tone levels were in good general agreement with scaled-model propeller data from a wind tunnel test at similar flight speeds. However, the individual rotor-alone tone directivities for the engine tended to show the aft rotor tone peaking upstream of the forward rotor tone at partial power settings. This result contrasted with a number of model propeller studies in which the forward rotor-alone tones peaked upstream o f the aft tones.
Installation effects were also evidenced by the UDF 
